Neurochemical microcircuitry underlying visual and oculomotor function in the cat superior colliculus.
The cat superior colliculus (SC) plays an important role in visual and oculomotor functions, including the initiation of saccadic eye movements. We have studied the organization of neurochemical specific circuits in SC that underly these functions. In this chapter we have reviewed three microcircuits that can be identified by cell type, chemical content, and synaptic input from specific afferents. The first is located within the upper sgl and is related to the W retinal pathway to this region of SC. This circuit includes relay and interneurons that contain the calcium binding protein calbindin (CB), GABA containing presynaptic dendrites, and retinal terminals that have a distribution and size typical of W retinal terminals in the cat SC. This circuit is a typical synaptic triad that mediates feedforward inhibition, possibly to regulate outflow of the W pathway to the lateral geniculate nucleus. CB neurons in SC and other structures may be uniquely related to low threshold calcium currents in these neurons. The second microcircuit consists of neurons that contain parvalbumin (PV), another calcium binding protein. These neurons are located in a dense tier with the deep sgl and upper ol and they receive input from retinal terminals that are likely from 'Y' retinal ganglion cells. Some of these neurons also project to the lateral posterior nucleus and some colocalize glutamate. We speculate that these neurons also receive cortical 'Y' input although we have yet to prove this experimentally. The role of PV in these cells is unknown, but PV has been shown to be contained in fast spiking, non-accomodating neurons in visual cortex which have very rapid spike discharges that are also characteristic of SC neurons innervated by 'Y' input. The third microcircuit consists of a group of clustered neurons within the igl of the cat SC that overlaps the patch-like innervation of afferents to this region that come from the pedunculopontine tegmental and lateral dorsal tegmental nuclie, the substantia nigra, and the cortical frontal eye fields. These clustered neurons project through the tectopontobulbar pathway and terminate within the cuneiform region (CFR) of the midbrain tegmentum. They transiently express NOS during development. Ongoing studies in our laboratory suggest that these cells receive synaptic inputs directly from the PPTN and SN and may represent functional modules involved in the initiation of saccadic eye movements.